Adjuvanted vaccines are recommended for administration through an intramuscular route. The Centers for Disease Control and Prevention (CDC) has recommended the anterolateral thigh using a 22 -25-G 25-mm (1 inch) needle for infants, injected at a 90˚ into the skin surface, and using a 16 mm (5/8 inch) for newborns. Appropriate needle lengths may differ depending on racial backgrounds. In the present study, the thickness of the epidermis and lengths from the skin surface to the muscle fascia and bone were measured using ultrasonic echograms in order to determine suitable needle lengths for Japanese infants aged 2, 3, 4, 5, 6, and 12 -15 months old. The thickness of the epidermis was 1.44 -1.54 mm (95% CI), and the lengths from the skin surface to the muscle fascia and bone were 11.52 -12.28 mm (95% CI), and 25.66 -26.93 mm (95% CI), respectively, at the anterolateral thigh. At the center of the deltoid muscle, skin thickness was similar to that at the thigh, furthermore the lengths from the skin surface to the muscle fascia and bone were 8.49 -9.10 mm (95% CI), and 17.38 -18.31 mm (95% CI), respectively. The lengths from the skin surface to the muscle fascia and bone were 1 -2 mm shorter in 2-month-old infants than those in older generations. Therefore, the appropriate needle length for intramuscular injections in Japanese infants was 16 mm (5/8 inch) at any age and sites, and with 25 mm (1 inch) needles at a 90˚ angle being associated with the risk of over-penetration.
Introduction
All vaccines have been administered using Subcutaneous Injections (SC) since 1970 in Japan, and Intramuscular Injections (IM) being prohibited, due to muscle contracture of the quadriceps caused by the repeated administration of antibiotics and antipyretics through IM [1] . The first case was reported in 1946 and several cases were subsequently reported by the Orthopedic Medical Association between 1960s and 1970s. Some orthopedic medical doctors strongly recommended general physicians to refrain from IM. A number of young infants and children with delayed development in sitting and walking or awkward walking postures were reported in Yamanashi prefecture 1973. This was diagnosed as contracture of the femur quadriceps muscle and resulted in low suits. The Japan Pediatric Society proposed that muscle contracture was caused by the repeated administration of antibiotics and antipyretics through IM. There was no safety site and generation, and IM administration should be avoided. Thereafter, the administration of all medicinal products by IM was prohibited even though no case was reported following vaccinations. All vaccines were subsequently administered SC [1] .
Some pharmaceutical products are currently administered IM such as immunoglobulin for prophylaxis against measles or the treatment of some infectious diseases and palivizumab. All adjuvanted vaccines are administered IM worldwide [2] . Recently, 10-valent Pneumococcal conjugate vaccine was regulatory approved as IM injection, and HBV vaccine which can be administered by SC or IM is adopted for National Immunization Program (NIP) in 2016 in Japan. However, other vaccines are still administered by SC. Histopathological findings revealed the presence of inflammatory nodules following the administration of alum-adjuvanted vaccines, but not non-adjuvanted vaccines. Furthermore, no significant differences were observed in histopathological findings between IM and SC [3] .
IM has several advantages including a lower incidence of local adverse events and greater immunogenicity [4] [5] . IM is a safe and effective procedure that needs to be more strongly recommended. In Japan, SC has been conventionally employed by general practitioners. Although guidelines exist for appropriate sites, procedures, and needle sizes [4] [5], needle lengths may differ in Japanese infants. In the present study, the lengths from the skin surface to the muscle fascia and bone were measured to determine the appropriate lengths of vaccination needles for IM in Japanese infants using ultrasonic echograms.
Materials and Methods

Study Design
In order to assess needle lengths for IM, 184 healthy Japanese infants were enrolled from those who visited the Department of Pediatrics of three general hospitals from 14 th August to 17 th November 2015: Saiseikai Central Hospital, Tokyo, Shizuoka Kosei Hospital, Shizuoka, and Nakano Children's Hospital, Osaka. 31 infants aged two months, 33 aged three months, 30 aged four months, 30 aged five months, 30 aged six months, 30 aged 12 months or older but less than 15 months (12 -15 months) were enrolled, and totally male and female were 94 and 90, respectively. Target months of age were determined according to the recommended immunization schedule for infants by the Japan Pediatric Society. Body weight, height, and the circumferences of the upper arm at the center of the deltoid muscle, and the lower 1/3 of the upper arm, and the middle position of thigh were measured. Inclusion and exclusion criteria were as follows:
Inclusion criteria 1. Written consent was obtained from infants' family. 2. Infants who has grown healthy after birth without any chronic ailments. Even if infants had some chronic illness, they were allowed when medical investigators judged as no influence on the measurement.
Exclusion criteria 1. Infants who had an abnormality in their extremities. 2. Infants with serious chronic ailments relating developmental disorders, neurological or muscular diseases. 3. Infants not cooperative in measurement. 4. Infants whose written consent was not obtained by their family. Subject backgrounds were shown in Table 1 . Height and body weight increased in an age-dependent manner. Most infants had gestational periods of 37 -42 weeks and BMI of 16 -18.
The thickness of the epidermis and lengths from the surface of the skin to the muscle fascia and bone were measured using ultrasonic echograms. The objectives and the design of the present study were explained to infants' family (guardians or legally acceptable representatives), and written informed consent was obtained by 
Ultrasonic Echogram
Ultrasonic echograms were performed on the middle of the deltoid muscle and centro-lateral thigh using Viamo SSA-640A with the linear probe PLT-740AT (Toshiba Medical Systems, Japan), Aplio 400/500 with the linear probe PLT-704SBT (Toshiba Medical Systems, Japan), and Prosound SSD-α10 with the linear probe UST-5411 (Hitachi Aloka-Medical, Japan). The thickness of the epidermis, and the lengths from the skin surface to the muscle fascia and bone were measured based on the different intensities of echograms, with stretching the skin flat.
Statistical Analysis
190 subjects were enrolled into the present study and 184 subjects were analyzed. 6 subjects were excluded from analysis because those informed consent forms were not re-obtained after its version was updated. Ultrasonic images were examined by a medical echogram specialist and unclear blurred images were excluded from the analysis. Statistical analyses were performed using SAS ver. 9.2 software.
Results
Circumferences
The circumferences of the thigh, deltoid muscle, and lower 1/3 of the upper arm were measured and the results obtained are shown in Figure 1 . The circumferences of the thigh increased until four months of age. The circumferences of the upper arm around the deltoid muscle and the lower 1/3 were similar from two months to 12 -15 months of age.
Lengths from the Surface of the Skin to the Muscle Fascia and Bone at the Thigh
An ultrasonic image from a five-months of age male is shown in Figure 2 , and the thickness of the epidermis, subcutaneous tissues, muscle fascia, and bone were identified through different ultrasonic intensities, for example, in the right panel of Figure 2 . The thickness of the epidermis and lengths from the skin surface to the muscle fascia and bone in the different age groups are shown with 95% CI. The thickness of the epidermis ranged between 1.44 and 1.54 mm with no differences being observed among the different age groups. The length from the skin surface to the muscle fascia was 9.39 -10.86 mm in infants aged two months and increased to 12.14 -14.20 mm in those aged five months. The length from the skin surface to the bone was 22.35 -25.06 mm in those aged two months, and increased to 26.00 -29.05 mm in those aged five months. Dotted lines showed 5/8 inch (16-mm) and 1 inch (25-mm). The 16-mm needle penetrated to the muscle in all age groups, while the 25-mm needle reached the bone in infants aged two months.
Lengths from the Surface of the Skin to the Muscle Fascia and Bone at the Deltoid Muscle
An ultrasonic image shown in the right panel of Figure 3 was taken from the same infant in Figure 2 , and the thickness of the epidermis, subcutaneous tissue, muscle fascia, and bone were identified through different ultrasonic intensities. The thickness of the epidermis at two months of age was 1.57 -1.89 mm, thickest among the different age groups. The length from the skin surface to the muscle fascia was 8.39 -9.74 mm in those aged two months, remained at a similar length until five months of age, and then decreased after six months of age. The length from the skin surface to the bone was 17.38 -18.31 mm in all age populations tested.
Figure1. Circumferences of the thigh, upper arm at the deltoid muscle, and lower 1/3 of the upper arm in the different age groups (months). Circumferences are shown as the mean ± SD (cm).
Figure2
. Thickness of the epidermis and lengths from the skin surface to the muscle fascia and bone in the thigh. Length is shown as the mean with 95% CI (mm) and the echogram is shown with a mark indicating the injection site. Figure 3 . Thickness of the epidermis and the lengths from the skin surface to the muscle fascia and bone at the deltoid muscle. Length is shown as the mean with 95% CI (mm) and an echogram is shown with a mark indicating the injection site.
Lengths from the Surface of the Skin to the Muscle Fascia and Bone in the Lower 1/3 of the Lateral Upper Arm
SC is recommended for the lower 1/3 of the lateral upper arm, whereas IM is not because of the small muscle volume. The thickness of the epidermis was 1.26 -1.35 mm, in all age populations tested, which was less than that at the other sites. However, the lengths from the skin surface to the muscle fascia and bone were similar to those at the deltoid muscle (Figure 4 ). Data obtained in the different age groups are shown in Figure 5 . Based on the results obtained, an appropriate needle length was considered to be 5/8 inch (16 mm), injected at a 90˚ angle into the skin surface, for any site and age.
Discussion
A popular injection technique is bunching the thigh muscle at the injection site in order to increase the muscle mass and minimize over-penetration [4] . Another technique recommended by the WHO is to stretch the skin flat and inject the needle at a 90˚ angle [5] . A randomized control study was previously performed to assess adverse local reactions and immunogenicity in young infants aged two -four months immunized with DPT/IPV, Hib, or meningococcal vaccines using a 16-or 25-mm needle. The incidence of local adverse reactions was lower in those immunized using the 25-mm needle with similar immune responses [6] . IM has been recommended for the vaccination of young infants with the recommended site shifting from the thigh (<12 months of age) to the deltoid muscle (1 -1.5 year) [4] [5] . Severe pain was reported in 30.5% of children (18 months) injected with DPT-IPV in the thigh, but in only 8.1% of those injected in the deltoid muscle [7] . Children aged 18 months vaccinated with DPT/IPV in the thigh using a 16-or 25-mm needles exhibited decreased movement of the extremity significantly more often than those injected in the arm (49.9% vs. 25.6%). Redness and swelling were more frequent after an injection in the arm than in the thigh and were common in groups injected in the thigh with a 16-mm needle [7] . Petousi-Harris reviewed vaccine injection techniques for sites, needle gauge, needle length, and angle of the injection. The WHO and CDC recommend the thigh for young infants and deltoid muscle for older children at a 90˚ angle using 23 -25-gauge needles that are 25 mm in length [4] [5] . A lower incidence of severe local adverse reactions was noted using longer needles, without any significant differences in the incidence of systemic adverse events [8] . Similar findings of a lower incidence of local adverse events using longer needles have been reported in several studies [9] .
Needle length was previously evaluated in a clinical study to assess the lower incidence of severe adverse events following immunization using needles 5/8 inch (16 mm) or 1 inch (25 mm) in length [6] - [9] . Longer needles have been recommended because of the lower incidence of redness and swelling. However, a suitable needle length needs to be determined based on anatomical examinations.
Several studies have been conducted in order to assess appropriate needle lengths using ultrasonic echograms. Cook and Murtagh examined subcutaneous tissue and muscle thickness in two-, four-, six-, and 18-months-of age infants. The mean subcutaneous tissue thickness was 8.6 mm at two months, 9.4 mm at four months, 10.2 mm at six months, and 8.1 mm at 18 months. Muscle layer thickness was10.5 mm at two months, 12.2 mm at four months, 14.8 mm at six months, and 16.5 mm at 18 months. A 16-mm needle was suitable for IM at the anterolateral thigh when injected at a 90˚ angle and a 25-mm needle when injected at a 45˚angle into the skin's surface [10] [11]. Lippert and Wall reported that injections using 1-and 1-1/4-inch needles into the thigh resulted in 11% (11 out of 100) and 39% (34 out of 88) of cases being over-penetrated, respectively, using MRI or CT. In the deltoid site, 1-inch needles may result in a higher incidence of over-penetration [12] . They recommended the revision of needle lengths in order to minimize the risk of over-penetration. According to the results of the present study, the optimal needle length for IM appears to be 5/8 inch injected at a 90˚ angle into the skin surface for all infants irrespective of the injection site at the thigh or deltoid muscle, with stretching the skin flat. No racial differences appear to exist in appropriate needle lengths for IM. Limitation of the study is that the data is based on the anatomical examination, and the situation would be changeable in clinical settings.
